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DESCRIPTION 



STRUCTURES SELECTING METHOD FOR CARBON NANQTUBE S BY LIGHT 



Technical Field 

The present invention relates to a method for selecting structures for carbon 
nanotubes by the light irradiation. More specifically, the present invention relates to a 
method for selecting structures for carbon nanotubes by the light irradiation, capable of 
selectively obtaining only carbon nanotubes having specific structures by the light 
irradiation and the combustion at a low temperature. 

Background Art 

Since the discovery of the carbon nanotube, its application to electronic 
semiconductors, electronic devices, or other fields has been strongly expected, and various 
studies have been carried out by a large number of researchers. 

Among the carbon nanotubes, for example, a single-wall carbon nanotube has a 
shape with a piece of a graphite sheet comprising a six membered ring of carbons rolled like 
a cylinder. Depending on the rolling style of the graphite sheet, that is, the diameter of the 
carbon nanotube and the chirality (helical degree), the conductivity of the carbon nanotube 
differs completely so as to provide a metal or a semiconductor. 

However, according to the production method for carbon nanotubes so far, the 
diameters or the chiralities of the carbon nanotubes to be produced cannot be controlled so 
that only inhomogeneous ones can be obtained, and thus the difference of the conductivity of 
the carbon nanotubes provided by the diameters or the chiralities has not been utilized 
sufficiently. 

In contrast, recently, it was revealed that the chemical reaction can be promoted by 
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ATTACHMENT A 



the light irradiation. These days, it was also found out that the Flahren's reaction is carried 
out by the assistance of the light excitation. In view of these facts, it is considered that the 
light irradiation has a possibility to have any influence on the chemical reaction of the 
single-wall carbon nanotubes (SWNTs), however, the influence to the chemical reaction of 
the single-wall carbon nanotubes by the light irradiation has been completely unknown so 
far. 

Then, in view of the above-mentioned circumstances, the present invention has 
been achieved, and its object is to provide a method for selectively obtaining carbon 
nanotubes, capable of solving the problems of the conventional technique, having structures 
different from the structures of the carbon nanotubes to be vanished by selectively 
combusting and vanishing carbon nanotubes of specific structures. 

Disclosure of Invention 

In order to achieve the above-mentioned object, the present invention firstly 
provides a method for selecting structures for carbon nanotubes by the light irradiation, 
characterized in selectively obtaining carbon nanotubes having structures different from the 
structures of the carbon nanotubes to be vanished by irradiating carbon nanotubes with a 
light beam of single wavelength so as to have carbon nanotubes in a specific electron states in 
the excited states, and oxidizing and combusting the carbon nanotubes in the excited states 
by an oxygen or an oxidizing agent so as to vanish the same. 

The present invention secondly provides the method for selecting structures for 
carbon nanotubes by the light irradiation according to the first invention, characterized in 
that the carbon nanotubes in the excited states are vanished by oxidizing and combusting at 
a temperature of 0°C or more and 500°C or less. 

It thirdly provides the method for selecting structures for carbon nanotubes by the 
light irradiation according to the first or second invention, characterized in that the oxidizing 
agent is a hydrogen peroxide water, a nitric acid or a potassium permanganate. 
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It fourthly provides the method for selecting structures for carbon nanotubes by 
the light irradiation according to any one of the first to third inventions, characterized in that 
light beams having different wavelengths are irradiated to the carbon nanotubes respectively 
for selectively oxidizing and combusting carbon nanotubes having specific structures 
corresponding to the wavelength of each light beam so as to vanish the same. 

Furthermore, it fifthly provides the method for selecting structures for carbon 
nanotubes by the light irradiation according to any one of the first to third inventions, 
characterized in that only carbon nanotubes having specific structures are selectively 
obtained by irradiating the carbon nanotubes successively with a plurality of light beams 
having different wavelengths. 

Moreover, it sixthly provides the method for selecting structures for carbon 
nanotubes by the light irradiation according to any one of the first to fifth inventions, 
characterized in that the carbon nanotubes are single-wall carbon nanotubes. 

Brief Description of Drawings 

FIG 1 is a graph showing an example of Raman spectra of an embodiment of the 
present invention. 

FIG 2 is a graph showing an example of absorption spectra of an embodiment of 
the present invention. 

FIG 3 is a graph showing an example of Raman spectra of another embodiment of 
the present invention. 

Best Mode for Carrying Out the Invention 

The present invention has the above-mentioned characteristics, and the 
embodiments thereof will be explained hereafter. 

A method for selecting structures for carbon nanotubes by the light irradiation 
according to the present invention is largely characterized in selectively obtaining only 
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carbon nanotubes having structures different from the structures of the carbon nanotubes to 
be vanished by irradiating carbon nanotubes with a light beam of single wavelength so as to 
have carbon nanotubes in specific electron states in the excited states by absorbing the light 
beam, and oxidizing and combusting the carbon nanotubes in the excited states by an oxygen 
or an oxidizing agent so as to vanish the same. At the time, the carbon nanotubes in the 
excited states can be vanished by preferably oxidizing and combusting at a temperature of 
0°C or more and 500°C or less. 

That is, by irradiating the carbon nanotubes with a light beam of a single 
wavelength, only carbon nanotubes having specific structures can be vanished by 
combustion at a low temperature of 0°C or more and 500°C or less, and as a result, carbon 
nanotubes having structures different from the carbon nanotubes to be vanished can be 
obtained selectively. 

As the light beam to be irradiated to the carbon nanotubes, any light beam can be 
used as long as it is a single wavelength light beam, and it may be a laser light beam or a non 
laser light beam. Moreover, in the case the carbon nanotubes are to be oxidized by an 
oxygen, it may be carried out in the atmosphere with the presence of an oxygen to the degree 
capable of oxidizing the carbon nanotubes. For example, it may be in the atmosphere 
including not only the oxygen, such as in the air. In the atmosphere including the oxygen, 
carbon nanotubes of specific structures can be combusted in a temperature range of 100°C 
to 500°C. 

Moreover, on the other hand, as an oxidizing agent for oxidizing the carbon 
nanotubes, an optional oxidizing agent can be used. In particular, a hydrogen peroxide 
water, a nitric acid or a potassium permanganate can be used preferably. For example, in 
the case a hydrogen peroxide water (concentration 10 to 30%) is used, carbon nanotubes of 
specific structures can be combusted and vanished in a range of 0°C to 100°C. 

As mentioned above, according to the method for selecting structures for carbon 
nanotubes by the light irradiation of the present invention, since carbon nanotubes having 
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specific structures can be excited for promoting the oxidization thereof by irradiating the 
carbon nanotubes with a single wavelength light beam, and thereby the carbon nanotubes 
excited by heating at a low temperature can be combusted and vanished, carbon nanotubes 
of a good quality, having specific structures can be obtained without damaging the carbon 
nanotubes remaining without vanishing. 

Moreover, according to the method for selecting structures for carbon nanotubes 
by the light irradiation of the present invention, since light beams of different wavelengths 
are irradiated to the carbon nanotubes for selectively oxidizing and combusting carbon 
nanotubes having specific structures corresponding to the wavelength of each light beam so 
as to vanish the same, carbon nanotubes of necessary structures can optionally be obtained 
selectively. 

Furthermore, since a plurality of light beams having different wavelengths are 
irradiated to the carbon nanotubes successively, only carbon nanotubes having specific 
structures further limited compared with the case of irradiating with a light beam of a light 
beam of one wavelength can be obtained selectively. 

By using the above-mentioned method, carbon nanotubes having the necessary 
electric characteristics such as a metal and a semiconductor can selectively be obtained 
easily. 

The method for selecting structures for carbon nanotubes by the light irradiation 
according to the present invention can be carried out particularly for single-wall carbon 
nanotubes so that single-wall carbon nanotubes having specific structures with the necessary 
electric characteristics can easily be obtained certainly. 

Hereinafter, with reference to the accompanied drawings, the embodiments of the 
present invention will be explained in further details. Of course the invention is not limited 
to the examples herebelow, and it is needless to say that various embodiments can be used for 
the details. 



Examples 
<Example 1> 

Single-wall carbon nanotubes produced by the HiPco method as a method for 
synthesizing carbon nanotubes by heating a carbon monoxide at a high pressure (CO + CO 
C + C0 2 ) were treated with HC1 for eliminating Fe. Then, light beams having 370 nm, 
420 nm, 500 nm and 620 nm wavelengths were used for the light irradiation each at 320°C 
for 2 hours in the air. 

The Raman spectra thereof are shown in FIG 1. As it is known by the 
comparison with the case without the light irradiation, although a light beam having a 370 
nm wavelength does not influence the oxidization of the single-wall carbon nanotubes at all, 
the light beams of the other wavelengths promoted the oxidization of the single-wall carbon 
nanotubes having specific structures. In the case a light beam of a 420 nm wavelength is 
irradiated to the single-wall carbon nanotubes, as it is shown by the Raman spectrum, the 
single-wall carbon nanotubes of a 0.96 nm diameter and a 1.0 nm diameter were completely 
vanished, and those of 1.1 nm and 1.2 nm diameters remained without vanishing. In the 
case of the irradiation with a light beam of a 500 nm wavelength, although the single-wall 
carbon nanotubes of about 1.0 nm and about 1.1 nm diameters were vanished, on the other 
hand in this case, two novel single-wall carbon nanotubes of about 1.35 nm and about 1.56 
nm diameters appeared. 

Furthermore, as a result of executing the light irradiation using a light beam of a 
620 nm wavelength, only single-wall carbon nanotubes of about a 1.2 nm diameter remained, 
and the carbon nanotubes of the other diameters were vanished. It was shown that the 
substantially the same results were provided for the oxygen concentration and the kind of the 
chemical bond of C and O regardless of the light irradiation of the different wavelengths or 
without the light irradiation in the all specimens formed by the HiPco method from the X 
ray photo electron spectroscopy (XPS). Thereby, it was learned that the vanished 
single-wall carbon nanotubes were combusted selectively instead of the chemical reaction 
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with the oxygen or the formation of a carbonyl or a carboxyl compound. 

Next, FIG 2 shows absorption spectra of the case without the light irradiation and 
the cases of the light irradiation using light beams of 370 nm, 420 nm, 500 nm, and 620 nm 
wavelengths each at 320°C for 30 minutes. Although the absorption spectra shows that the 
light irradiation does not influence the band Sn peak (corresponding to the first intermediate 
transition), the S 22 (corresponding to the second intermediate transition) peak intensity of 
1.37 eV corresponds to single-wall carbon nanotubes of a 1.2 nm diameter, with the intensity 
increased after the light irradiation of 420 nm, 500 nm or 620 nm, and the S 22 peak intensity 
of 1.5 eV and 1.63 eV (corresponding to the single-wall carbon nanotubes of 1.1 nm and 1.0 
nm diameters) were reduced. 

These results show that the light irradiation promoted the oxidization of the 
single-wall carbon nanotubes, and that a light beam of a specific wavelength selectively 
oxidized, combusted and vanished single-wall carbon nanotubes of specific structures. 
<Example 2> 

Next, FIG 3 shows the Raman spectra at the time of placing single-wall carbon 
nanotubes produced by the same method as in the example 1 in a hydrogen peroxide water, 
and executing the light irradiation for 2 minutes using a light beam having a 488 nm 
wavelength in the hydrogen peroxide water of 100°C. For the comparison, FIG 3 also 
shows the Raman spectrum in the case without the light irradiation in states with the 
single-wall carbon nanotubes placed in a hydrogen peroxide water of 100°C. 

As it is apparent from FIG 3, in the case of the light irradiation of a 488 nm 
wavelength, the peak at 200 cm" 1 is reduced, and in contrast, in the case without the light 
irradiation, the Raman spectrum change was not observed before and after the process with 
the hydrogen peroxide water. 

Therefore, the experiment results show that the light irradiation promotes the 
oxidization of the single-wall carbon nanotubes also in the case of using an oxidizing agent 
such as a hydrogen peroxide water, and it denotes that a light beam of a specific wavelength 



selectively oxidizes, combusts and vanishes single-wall carbon nanotubes of specific 
structures. 

Industrial Applicability 

As heretofore explained in detail, according to the present invention, a method for 
selecting structures for carbon nanotubes by the light irradiation, capable of selectively 
obtaining only carbon nanotubes having specific structures by the light irradiation and the 
combustion at a low temperature can be provided. 
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